Phylogenetic analyses on four new bat genomes provide convincing support for the placement of bats relative to other placental mammals, suggest that microbats are an unnatural group, and have important implications for understanding the evolution of echolocation.
Bats (Order: Chiroptera) are extraordinary among mammals, both for their taxonomic diversity and novel adaptive features. Bats are the only mammals that are capable of powered flight, and along with birds and pterosaurs comprise one of three vertebrate clades that have evolved this transformative feature. Bats are traditionally divided into two suborders -Microchiroptera (microbats) and Megachiroptera (megabats). Microbats are generally smaller than megabats, are often characterized by poor vision, and make use of sophisticated sonar systems based on echolocation pulses emitted by the larynx for navigation and aerial prey capture. The smallest microbat, Kitti's hog-nosed bat (Craseonycteris thonglongyai), weighs in at a meager two grams. Megabats comprise a single family (Pteropodidae) and are commonly known as 'Old World fruit bats'. They can weigh as much as 1.5 kilograms, attain wingspans up to 1.5 meters, and have well developed vision as do many primates. A few megabats are known to echolocate, but by a different mechanism that involves tongue clicks rather than laryngeal echolocation as in microbats. In a new study in this issue of Current Biology, Tsagkogeorga et al. [1] assemble a comprehensive phylogenomic data set for bats that resolves relationships within bats and the position of bats relative to other mammalian orders.
Bats have played a leading role in several controversies in resolving the evolutionary relationships among mammals, including the relationship of bats to other placental orders [2, 3] , the natural (monophyly) versus unnatural (paraphyly) association of microbats [4] [5] [6] [7] , and even the monophyly of bats themselves [2] . The monophyly versus paraphyly of microbats is of particular interest and has implications for understanding the evolution of laryngeal echolocation ( Figure 1 ). Microbat monophyly is rooted in morphological cladistics and posits that laryngeal echolocation evolved in the common ancestor of all living microbats [2] . Microbat paraphyly, in turn, is based on molecular studies [4, 5] and suggests that rhinolophoid microbats are more closely related to the megabat family Pteropodidae than to other microbats, rendering microbats an unnatural group. These results have been codified in a new taxonomy for bats: Yangochiroptera includes 12 microbat families, whereas Yinpterochiroptera comprises four microbat families in Rhinolophoidea plus Old World fruit bats [5] (Figure 1A ). Importantly, this arrangement implies that laryngeal echolocation evolved independently in two different groups of microbats or was lost in Old World fruit bats after evolving in the common ancestor of Chiroptera. Most recently, O'Leary et al. [7] rekindled this debate by assembling a morphological data set of unprecedented size (4541 characters), combining these data with previously published molecular sequences for 27 genes. Based on phylogenetic analyses of the combined data, they claimed that morphology overturns molecules to restore the monophyly of echolocating bats ( Figure 1B) .
With regard to their position in the mammalian evolutionary tree, cladistic analyses of morphological characters have positioned bats within the group Archonta along with primates, tree shrews, and flying lemurs [6] . However, phylogenetic analyses of molecular data sets place bats in the superorder Laurasiatheria along with true insectivores (e.g., shrews, moles, hedgehogs), carnivorans (e.g., dogs, cats), pangolins, odd-toed ungulates (horses, rhinos, tapirs), even-toed ungulates (e.g., camels, pigs, cows) and cetaceans (whales, dolphins, porpoises) [3] . However, the relationship of bats to other members of Laurasiatheria has proven difficult to resolve with molecular data, and different studies support a range of conflicting hypotheses [3, 6, [8] [9] [10] [11] .
Previous genomic studies have addressed the phylogenetic position of bats, but with more limited taxon sampling that only included one or two bats [12, 13] . Tsagkogeorga et al. [1] have now included sequences from six bat genomes in their study and performed phylogenetic analyses with standard concatenation methods that combine all of the gene sequences into a single data matrix, coalescence methods that infer a species tree from individual gene trees and a hybrid 'concatalescence' approach that combines elements of concatenation and coalescence [14] . The authors found compelling support for a sister-group relationship between bats and a large clade composed of representative carnivorans (dog, cat), perissodactyls (horse), and cetartiodactyls (alpaca, bottlenose dolphin). This arrangement agrees with some previous analyses of molecular sequences [3, 6, 13] Figure 1A) . O'Leary et al. [7] reported that microbat monophyly is upheld by 57 unambiguous shared derived characters from the osteological partitions of their combined data set, but viewed from the lens of Tsagkogeorga et al.'s [1] new genomic analyses these 'synapomorphies' are instead a remarkable case of homoplasy, involving convergent evolution in microbats and/or evolutionary losses in megabats ( Figure 1A) . For now, it remains unclear if laryngeal echolocation evolved independently in yangochiropteran and rhinolophoid microbats or evolved in the common ancestor of Chiroptera with subsequent loss in Old World fruit bats in conjunction with their elaboration of visual systems.
Interestingly, the homoplastic signal in morphology that supports Microchiroptera [7] is also discernible in molecular data. This signal was first identified in the motor protein Prestin, which occurs in the outer hair cells of the mammalian cochlea and confers sensitivity to high frequencies [17] . Later, Liu et al. [18] reported a phylogenetic tree based on Prestin amino acid sequences and showed that not only echolocating bats, but also echolocating dolphins, group together based on convergent amino acid substitutions. In another paper Parker et al. [19] extended these comparisons across the genome and showed that there are genome-wide signatures of adaptive convergence in echolocating bats and the bottlenose dolphin (Tursiops truncatus). These adaptive signatures were detected in both hearing and vision genes [19] and demonstrate that widespread adaptive convergence can occur at both the molecular and morphological level. Importantly, however, the genomic data of Tsagkogeorga et al. [1] retain a much higher proportion of homologous (true) phylogenetic signal than convergent signal and correctly deploy echolocating mammals into three separate clades: Rhinolophoidea, Yangochiroptera, and Odontoceti.
Tsagkogeorga et al. databases that may ultimately help to decipher if laryngeal echolocation evolved independently in Rhinolophoidea and Yangochiroptera or was lost in Pteropodidae after evolving in the common ancestor of all bats. Some molecular studies favor the former hypothesis [17, 18] , but the oldest and most primitive fossil bat (Onychonycteris finneyi) may have used laryngeal echolocation based on a possible articulation between the stylohyal and tympanic bones [20] , which suggests that laryngeal echolocation evolved in the common ancestor of bats and was subsequently lost in megabats. There is much more to learn from both genomes and the fossil record.
The mechanisms that control organelle size are poorly understood. Genetic analysis now shows that a NIMA-related kinase helps to regulate the size of cilia by activating disassembly of the cilium when it gets too long.
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Cilia and flagella are plasma membrane protrusions with a microtubule core that function as cellular antennae. Cilia are found on nearly all cells of the human body and have a stereotypical length in each cell type that is appropriate for their respective functions. They are dynamic organelles in which the microtubule core undergoes continuous turnover, so that length determination requires regulation of assembly and disassembly. Ciliary assembly requires intraflagellar transport (IFT), the bidirectional transport of tubulin and other components between the ciliary base and tip using molecular motors [1, 2] . Abnormal ciliary length is seen in a wide range of diseases and therefore much attention has focused on the mechanisms that regulate ciliary assembly, disassembly and IFT.
Extensive studies have explored the mechanisms responsible for assembly regulation. Ciliary assembly occurs with decelerating kinetics [3] [4] [5] and is driven by the injection of large trains of anterograde IFT cargo when cilia are short and require much additional growth. As the length nears steady state, it is fine-tuned with injections of smaller IFT trains [6] . In contrast, disassembly is thought to be both independent of retrograde IFT [7] and independent of length [3, 4, 8] . While much is known about how anterograde IFT regulates ciliary assembly, relatively little is known about the molecular mechanisms regulating disassembly. A new finding reported in this issue of Current Biology by Hilton et al. [9] makes significant headway by demonstrating that CNK2, a NIMA-related protein
